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(54) Sound reproduction system 

(57) A microphone (10) is acoustically 
coupled to receive sound from an 
earphone transducer (14) and sound 
cancellation feedback is provided by a 
loop between the microphone (10) and 
transducer (14). This loop includes a 
first mixing amplifier (16), a high gain 
phase-inverting amplifier (12) and a 
second mixing amplifier (18). Speech 
signal is introduced via each of the 
mixing amplifiers (16 & 18) and is such 
therefore that speech is still discernible 
in the event of failure of the microphone 
(10), the first mixing amplifier (16) or 
the inverting amplifier (12). Each mixing 
amplifier (16 and 18) may be preceded 
by an equalisation filter (24, 26) and 
boost amplifier (20, 22) lying in the 
speech signal paths. The first mixing 
amplifier (16) and the inverting 
amplifier (12) can be arranged for 
suppressing signal in the event of high 
level noise transients whilst speech . 
signal can still be introduced via the 
second mixing amplifier (18). 



Fig4. 


The drawings originally filed were informa! and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Improvements in or relating to sound reproduction systems 

5 The present invention relates to sound reproduction systems and more particularly to the reduction of 5 
acoustic noise in such systems. 

An active noise reduction (ANR) system is one in which the ambient sound field is detected using, a 
sensing microphone and the phase inverted sound sig..al (i.e. the same sound field, with.a n phase 
change) generated to destructively interfere with the original sound field, which reduces'the sound pres- 
10 sure level. This type of noise reduction system is termed "active" as the noise level is.reduced by gener- to 
ating sound: this is very different to "passive" noise reduction systems which rely on acoustic absorption 
to decrease the sound pressure level. 

It is an object of the present invention to provide an active noise reduction system which allows the 
noise level to be reduced and the speech signal to noise ratio to be increased. If any part of most of the 
15 ANR system fails, the ANR system will effectively be turned off and under these circumstances speech 15 
would still be heard as in a present day communication system. 

According to the present invention there is provided a sound reproduction system comprising: 
an earphone transducer; 

a microphone acoustically coupled to said transducer, being arranged thus to receive sound therefrom; 
20 and, 

a feedback loop connected between said microphone and said earphone transducer; 

wherein said feedback loop includes: 

a first mixing amplifier connected to the microphone; 

a high gain inverting amplifier connected to the output of this first mixing amplifier; and, 
25 a second mixing amplifier connected to the output of this inverting amplifier; 25 
first and second mixing amplifiers being connected at respective inputs to a speech signal line. 
Since speech signal is introduced via two paths, speech can still be discerned in the event of failure of 
the part of the system that includes the microphone, first mixing amplifier and inverting amplifier. , 
It is preferable that the speech signals introduced via the first and second mixing amplifiers sum con- 
30 structively ie. are additive. To this end the first mixing amplifier can be a differential amplifier and the 30 
second mixing amplifier, a summing amplifier. In this case speech signal via the first mixing amplifier is 
substracted from noise signal and then inverted by the inverting amplifier and added to further speech 
signal by the summing amplifier. It will be appreciated that these two mixing amplifiers can be ex- 
changed to produce equivalent effect. 
35 It is possible to introduce equalisation filters in the speech signal path so that the speech signal will 35 
not be distorted and will have an amplitude response "uncoloured." by the system. 

Also it can be arranged that the first mixing amplifier and/or the inverting amplifier suppress inordi- 
nately large level noise singal. The speech signal can be still heard without distortion. 

Embodiments of the present invention will now be described by way of example with reference to the 
40 accompanying drawings in which:- s 40 

Figure 1 shows a known active noise reduction (ANR) system. 
Figure 2 and 3 show known active noise reduction systems with speech addition. 

Figure 4 shows an active noise reduction system with speech addition according to the present inven- 
tion. 

45 The basic principle of an ANR system is shown in Figure 1. A microphone 10 detects the ambient 45 
sound and sends the electrical signal to a phase inverting amplifier 12. The output is fed back to an 
earphone 14 where the generated sound destructively interferes with the ambient sound to reduce the 
sound level over a wide frequency bandwidth. 
The following symbols are defined:- 
50 N 0 is the noise pressure; 50 
N is the total sound pressure, noise plus generated noise, in the earphone; 
a is the electro-acoustic transfer function of the microphone; 
P is the gain of the phase inverting amplifier; and 
y is the eTectro-acoustic transfer function of the sound generator. 
55 The self consistent equation is:- 55 
N = N Q - ap-y N 
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Figures 2 and 3 show known ANR systems with speech addition 

5 20 i^a^ tcTnSmV^ ^ ^ ^ ^ ^ by 3 b °° St 

The following symbols are defined:- 
S Q is the total signal pressure level in the earphone 14; 
V is the signal voltage introduced; and, 
5 is the gain of boost amplifier 20. 
10 The self consistent equation is:- 
N + S a = N„ - ap 7 (N+SJ - 5 7 Vp 


therefore N = 
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As the noise has been reduced, the qain of the boost ^mniifior ?n ^^.,1^1 u • . 
25 signal to noise ratio whilst maintaining the 

generated m the earphone 14 which would be dangerous to the ear excess,ve soun d level being 2 

Figure 3 shows another ANR system with speech addition. This system has thp invert,™ a ■ ,o 
first in the loop before a mixing amplifier 18. inverting amplifier 12 

The following symbol is defined:- 
30 * is the gain of amplifier 22. 

The self consistent equation is:- 3( 
N + S Q = N„ - ap 7 {N + SJ + e 7 V 
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and ^he nniTJh mOP h erat,Ve < he s '9 nal t0 noise rati °' = also the same. However because both the signal 
c™£ri k 6 b6en redU ° ed ' the 9ain E may be -creased so that the signal to n Jse ratio is iS 
creased without excessive sound being generated by the earphone 14 

eamho'nVVl diagra ™ ° f a CirCuit that has been modifi ^ in accordance with this invention Noise in the 
earphone 14 ,s sensed by the m.crophone 10 and the electrical signal connected to a first mi'yinn »mni 50 
^*V* eXamP ' e 3 differential am P' ifi ^ 16. the output is connected to rhTSailnv^iXmo"^ 
2, and the output of this connected to a second mixing amplifier, in this 9X3^ ^112 r 
16. The^utpu, to the earphone transducer 14. The speech signa. passe though a L^TOi^oZ 
d.fferent.a. amplifier 16 and a.so through a boost amplifier 22 to summing amp^ffeMS P 

The self consistent equation is:- ^ ' 55 
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When the system is operating p is large. 5p is made large compared to e and then the speech signal 
introduced into the differential amplifier 16 will become dominant as compared to that introduced into 
the mixing amplifier 18 for producing speech in the earphone 14. Under these conditions a filter 24 is 
inserted before boost amplifier 20 which allows the speech signal in the earphone 14 to have the re- 
5 quired amplitude response (uncoloured). 5 
If the system is switched off, or any part of items 10, 16 or 12 fail, then speech will still be heard in the 
earphone via route 22, 18. Under these conditions, setting p = 0 it follows that S Q = Vyz, In order to 
allow the speech signal to have the required amplitude response (uncoloured) a filter 26 is inserted be- 
fore amplifier 22. 

10 The whole circuit is shown in Figure 4 with both filters present, the important speech path being 20, 16 
if the gain is high and 22, 18 if the gain is zero. 

Additionally, if the voltage rails of inverting amplifier 12 or mixing amplifier 16 are arranged to be less 
than those of mixing amplifier 18, then if a large signal is sent by the microphone 10 the signal will 
"clip" on amplifiers 16, 12 resulting in reduced - active noise reduction but the speech will still be heard 
15 in the earphone via amplifiers 22, 18 all-be-it at a lower level. 15 
The advantages of this invention are:- 

1. In the event of failure of any of the items 10, 16 or 12 the speech signal will still be heard clearly 
due to its introduction through amplifiers 22 and 18. 

2. If the circuit is arranged so that the rail voltages of amplifiers 12 or 16 are less than amplifier 18, 

2o the speech signal will still be heard even if an inordinately large signal is sent from the microphone 10. 20 
This invention may be used in any closed loop feedback ANR system to introduce speech and to 
achieve a large signal to noise ratio, at a reduced noise level irrespective of the design or type of the 
sound generator or microphone. 

25 CLAIMS 25 

1. A sound reproduction system comprising:- 
an earphone transducer; 

a microphone acoustically coupled to said transducer, being arranged thus to receive sound therefrom; 

30 and ' 30 
a feedback loop connected between said microphone and said earphone transducer; 
wherein said feedback loop includes: 
a first mixing amplifier connected to the microphone; 

a high gain inverting amplifier connected to the output of this first mixing amplifier; and, 
35 a second mixing amplifier connected to the output of this inverting amplifier,; 35 
first and second mixing amplifiers being connected at respective inputs to a speech signal line. 

2. A system, as claimed in claim 1, wherein speech signals introduced via first and second mixing 
amplifiers are additive. 

3. A system, as claimed in claim 2, wherein one of the mixing amplifiers is a differential amplifier, 

40 and the other mixing amplifier is a summing amplifer. 40 

4. A system, as claimed in claim 3, wherein said first mixing amplifier is a differential amplifier. 

5. A system, as claimed in any one of the preceding claims, wherein one or both mixing amplifiers 
are each proceded by an equalisation filter interposed in the speech signal line. 

6. A system, as claimed in claim 5, wherein each mixing amplifier is preceded by a respective equalis- 

45 ation filter and boost-amplifier. 45 

7. A system, as claimed in any one of the preceding claims, wherein the first mixing amplifier, or the 
inverting amplifier, or both, are arranged for the suppression of inordinately large signal. 

8. A sound reproduction system, constructed, adapted, and arranged to perform, substantially as de- 
scribed hereinbefore, with reference to, and as shown in Figure 4 of the accompanying drawings. 
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